We hypothesized that administration of bevacizumab, a monoclonal antibody that neutralizes vascular endothelial growth factor, in combination with high-dose interferon-alpha2b (IFN-␣2b), an inhibitor of basic fibroblast growth factor, would have clinical activity in patients with metastatic ocular melanoma. Methods: Patients with metastatic ocular melanoma received bevacizumab (15 mg/kg intravenously every 2 weeks) plus IFN-␣2b (5 MU/m 2 subcutaneously 3 times weekly for 2 weeks followed by a dose of 10 MU/m 2 subcutaneously thereafter). Patients exhibiting a clinical response or stabilization of disease were treated until disease progression. Results: In this pilot study, 5 patients were treated (3 men, 2 women) with a mean age of 63.8 years (range, 53-71 years). Overall, the regimen was well-tolerated. The following adverse events were noted: grade 3 dyspnea (2 patients), grade 3 and 4 fatigue (2), grade 3 muscle weakness (1), grade 3 anorexia (1), grade 1 and 2 proteinuria (2), and grade 3 diarrhea (1). All adverse events resolved with a treatment holiday or dose reduction. One patient had reduction in tumor burden of 23% by Response Evaluation Criteria in Solid Tumors criteria and 2 patients had stabilization of disease lasting 28 and 36 weeks, respectively. Two patients failed to respond and progressed after 6 and 7 weeks of therapy. Conclusion: Bevacizumab and IFN-␣2b were well tolerated in this patient population, and clinical activity was observed. Further study of high-dose IFN-␣2b in combination with bevacizumab in this setting is warranted.
O cular melanomas represent 5% of all melanomas; of these, 85% are uveal (ie, involving the iris, ciliary body, or choroid), making it the most common primary intraocular tumor. 1, 2 Uveal melanoma is more common in males and whites. However, unlike cutaneous melanoma, there is no clear evidence implicating sunlight as an etiologic factor. 2 The relative 5-year survival rate for uveal melanoma (77%-84%) has not changed significantly in the past 25 years, regardless of whether enucleation or plaque radiotherapy is employed as treatment for the primary tumor. 2 Angiogenesis with tumor neovascularization has been proven to be a critical factor in the progression of malignant melanoma. 3 Vascular endothelial growth factor (VEGF) is known to be an important modulator of this process. 4 Endothelial cells express a family of tyrosine receptor kinases which bind VEGF with high affinity. 5 Binding of VEGF to its receptor activates several intracellular signaling pathways that induce endothelial cell mitosis and migration. 6 VEGF promotes tumor metastasis via its ability to induce endothelial cell proliferation, migration, and survival. 7 Inhibition of VEGF-induced angiogenesis slows tumor growth in murine models. 8 Ocular melanoma may be especially sensitive to the inhibition of angiogenesis, since melanoma metastases are known to be highly vascular. 9 Previous studies have demonstrated that ocular melanoma cell lines are proangiogenic, and that freshly isolated ocular melanoma cells elaborate proangiogenic factors, particularly VEGF. 10 -14 Bevacizumab (Avastin) is a recombinant humanized murine antihuman VEGF monoclonal antibody that recognizes all isoforms of VEGF with high affinity (Kd approx. 8 ϫ 10 Ϫ10 M). Several phase III clinical trials have shown that bevacizumab is effective in metastatic colon, 15 lung, 16 breast, 17, 18 and renal cancers. 19 A randomized phase III trial demonstrated that the administration of bevacizumab with irinotecan, 5-fluorouracil, and leucovorin led to improved overall survival, progression-free survival, clinical response rate, and duration of response as compared with chemotherapy alone in patients with metastatic colorectal cancer. 15 Hypertension, proteinuria, hemorrhage (primarily in patients with lung cancer), poor wound healing, 20 and an increase in arterial thromboembolic events were the primary adverse events associated with bevacizumab administration. 21 Although bevacizumab has not been used in clinical trials to treat ocular melanoma, intraocular administration of bevacizumab resulted in complete resolution of neovascularization in a patient with a cutaneous melanoma that had metastasized to the vitreous of the eye. 22 In melanoma, interferon-alpha2b (IFN-␣2b) is administered at high doses of 10 MU/m 2 subcutaneously thrice weekly for 1 year as an adjunct to surgical resection of high-risk early stage tumors. Low dose IFN-␣2b has antiproliferative activity and inhibits tumor-induced angiogenesis. 23, 24 In murine models, daily IFN-␣2b therapy down-regulates the expression of basic fibroblast growth factor (bFGF), a critical factor for tumor neovascularization. 23 In addition, IFN-␣2b has also been used at doses of up to 3 MU/m 2 per day to treat life-threatening hemangiomas of infancy with remarkable success. 25 Previous work in our laboratory has demonstrated that IFN-␣2b inhibits the secretion of VEGF in several melanoma cell lines. 26 We hypothesized that the combination of bevacizumab and high dose IFN-␣2b would inhibit tumor angiogenesis and mediate regression of metastatic disease in patients with ocular melanoma. The primary objective of this pilot trial was to assess the tolerability and objective response rate in patients with metastatic ocular melanoma who received bevacizumab with IFN-␣2b.
MATERIALS AND METHODS

Eligibility Criteria and Study Design
Following approval of the Ohio State University institutional review board, a National Cancer Institute-sponsored phase 2 trial of bevacizumab and high dose IFN-␣2b was conducted at the Ohio State University Comprehensive Cancer Center beginning in July 2004. A cohort of patients with ocular melanoma were enrolled in this trial and examined separately as a pilot study. Patients included in this analysis had histologically or cytologically confirmed ocular melanoma, clinical evidence of metastatic disease, and met the following criteria: the ability to provide informed written consent, age Ն18 years, life expectancy Ͼ6 months, Eastern Cooperative Oncology Group (ECOG) performance status Յ2, normal organ and marrow function: leukocytes Ն3000/L, absolute neutrophil count Ն1500/L, platelets Ն100,000/L, total bilirubin Յ2.0 mg/dL, AST and ALT Յ2.5ϫ upper limit of normal, and creatinine Յ1.5 mg/dL or creatinine clearance Ն60 mL/min/1.73 m 2 for patients with creatinine Ͼ1.5 mg/dL. Patients who had previously received cytokine therapy for metastatic disease (interleukin-2 or IFN-␣2b) or adjuvant therapy with any antiangiogenic agent were excluded from participation. Prior adjuvant IFN-␣2b was permitted as long as at least 4 weeks had passed since the last treatment. Patients were allowed to have had one prior chemotherapy regimen for metastatic disease. Patients were required to have a normal ratio of prothrombin time (PT) to partial thromboplastin time (PTT) and a normal international normalized ratio (INR). Patients with the factor V Leiden mutation, a history of arterial thromboembolic phenomena, or inadequately controlled hypertension were excluded. All patients underwent magnetic resonance imaging of the brain. Because of the potential for hemorrhagic complications, patients with intracranial lesions and pregnant women were excluded from the trial. Informed written consent was obtained from each patient prior to participation in the trial.
Treatment Regimen and Toxicity Assessment
Bevacizumab was administered intravenously at a dose of 15 mg/kg on day 1 of the 2 week cycle. IFN-␣2b was administered subcutaneously at a dose of 5 MU/m 2 3 times weekly for 2 weeks. Beginning with the second cycle, the dose of IFN-␣2b was increased to 10 MU/m 2 if the patient had tolerated the previous dose of IFN-␣2b. Toxicity was assessed using the National Cancer Institute Common Toxicity Criteria Version 3.0. Patients exhibiting any clearly IFN-␣2b-related or bevacizumab-related irreversible or Grade 4 nonhematological toxicity were removed from the trial. Patients who experienced bevacizumab-related, nonhematological grade 3 toxicity had treatment held for one cycle. If toxicity resolved to grade 1, bevacizumab therapy was resumed at a reduced dose of 7.5 mg/kg. IFN-␣2b-related nonhematologic Grade 3 toxicity was managed by a rest period of 2 to 4 weeks followed by IFN-␣2b administration at the original dose. Patients who were not able to tolerate IFN-␣2b at 10 MU/m 2 after dose escalation from 5 MU/m 2 were dose reduced to 7.5 MU/m 2 . If Grade 3 toxicity recurred, the rest period was repeated once, followed by administration at a further reduced dose of 5 MU/m 2 . Grade 3 toxicity that recurred despite these measures mandated that the patient be removed from the trial. Blood chemistries, complete blood count, and urinalysis were obtained weekly. A coagulation profile consisting of PT, PTT, INR, antithrombin III, protein C, protein S, and factor V Leiden levels were obtained at baseline. Fibrinogen and D-dimer levels were assessed at baseline and monitored throughout the trial.
Assessment of Disease Response
Before enrollment, patients underwent computed tomography scans of the chest, abdomen, and pelvis, and other sites as appropriate. Patients were restaged after 6 cycles using the Response Evaluation Criteria in Solid Tumors (RECIST) criteria, and patients with progressive disease were removed from the trial. Those patients exhibiting a complete or partial response or stable disease were allowed to continue therapy until disease progression.
RESULTS
Patient Characteristics
Patient demographics are listed in Table 1 . To be eligible for the trial patients must have had ocular melanoma with distant metastasis. A total of 5 patients (3 men, 2 women) with ocular melanoma were treated. The mean age was 63.8 years (range, 53-71). All patients had metastases to the liver (100%). In addition, 3 patients had pulmonary metastases (60%). Two patients had radioactive plaque therapy and 3 underwent surgical enucleation for their primary tumors. Prior to this study, 1 patient had received a combination of temozolomide and thalidomide, 1 patient underwent resection for hepatic and cardiac metastases, and 1 patient had a right hepatic lobectomy for an isolated metastatic lesion. No patients received adjuvant IFN-␣2b therapy. Four patients had an ECOG performance status of zero and one had a performance status of 1.
Toxicity
In general, this regimen was well-tolerated. Toxicities are summarized in Table 2 . Grade 1 and 2 constitutional and gastrointestinal symptoms attributable to IFN-␣2b were transient and did not require treatment delays. Grade 3 and 4 toxicities included dyspnea, fatigue, muscle weakness, anorexia, and diarrhea. They were attributed to IFN-␣2b therapy and all resolved following a treatment break. Dyspnea in 1 patient required hospitalization and administration of furosemide. One patient had grade 1 hypertension and 2 patients had grade 1 or 2 proteinuria. The overall incidence of proteinuria and hypertension were 40% and 20%, respectively. Grade 3 toxicities were reversed by a drug-free period, dose reduction, and supportive therapy. No arterial thromboembolic events were observed. No patient was removed from the study due to drug toxicity. No patient had abnormal elevations of PT, INR, or protein S. One patient each had a mild elevation of PTT, antithrombin III, and protein C prior to starting therapy. The average maximum increase in fibrinogen over baseline was 29% (Ϯ22.78%) and the average maximum increase in D-dimer over baseline was 120% (Ϯ130%).
Response to Therapy
Bevacizumab (15 mg/kg) was administered to patients in combination with high-dose IFN-␣2b. Two patients received IFN-␣2b at 10 MU/m 2 and 3 received a dose of 5 MU/m 2 due to toxicity at higher dose level. One patient had a 23% reduction in tumor size on computed tomography (CT) scan by RECIST criteria, as shown in Figure 1 . Two patients had stable disease for 28 and 36 weeks, respectively. Two patients failed to respond and progressed at 6 and 7 weeks. There was an average progression-free survival of 18 weeks and an average overall survival of 43 weeks (range, 7-91 weeks). Outcomes data are summarized in Table 3 .
Patient 1 initially presented with liver and lung metastases 10 years after surgical enucleation of a 9.3-mm tumor. She was placed on a regimen of temozolomide plus thalidomide but progressed after 2 months of treatment. She had stable disease on the present trial that lasted 36 weeks at which time she exhibited progression in the liver and lung. During therapy, she experienced grade 3 fatigue, dyspnea, anorexia, muscle weakness, and diarrhea that were felt to be due to IFN-␣2b therapy. She survived for a total of 91 weeks after the initiation therapy.
Patient 2 was initially diagnosed with an 11-mm choroidal melanoma and treated with radioactive plaque therapy (87 Gy). Six years later, she developed liver metastases. Administration of bev-acizumab and IFN-␣2b led to stabilization of her disease for 28 weeks. She experienced only grade 1 and 2 toxicities. Bevacizumab was held twice due to grade 1 proteinuria. She died 63 weeks after the initiation of therapy.
Patient 3 had a 21-mm ocular melanoma that involved the choroid and extended focally to involve the ciliary body, which was treated with enucleation. Three years later, he was found to have liver metastases. During the trial, the IFN-␣2b dose could not be escalated to 10 MU/m 2 because of neutropenia. He also experienced grade 3 diarrhea and therefore the IFN-␣2b dose was maintained at 5 MU/m 2 . After 6 weeks of therapy, the patient developed nausea and vomiting which was found to be due to progression of disease in the liver. He survived for a total of 31 weeks after the initiation of therapy.
Patient 4 was initially diagnosed with a choroidal melanoma that measured 9.7 mm in diameter and was treated with radioactive plaque therapy (86 Gy). Four years later, he was found to have an isolated right hepatic lobe metastasis that was treated with a right hepatic lobectomy. Five months after his surgery, he developed bilateral pulmonary metastases and metastases to the liver which prompted his enrollment to this clinical trial. He progressed 7 weeks after the initiation of therapy with bevacizumab and IFN-␣2b. Patient 5 was diagnosed with a 13-mm epitheliod and spindle cell ocular melanoma that was treated with enucleation. Three years later, he developed liver and cardiac septal metastases that were treated with sequential resection. Three months after surgery, he developed additional liver metastases. While on trial he developed grade 3 dyspnea and grade 4 fatigue, which required a drug holiday. He had a 23% reduction in tumor size by RECIST criteria at 11 weeks (Fig. 1 ). However, 3 weeks later, he had an elevation in liver function tests and a CT scan demonstrated that the liver metastases had increased in size. He survived a total of 24 weeks after starting the trial.
DISCUSSION
Bevacizumab (15 mg/kg intravenously) was administered in combination with high-dose IFN-␣2b to 5 patients with hepatic metastases from ocular melanoma. This regimen was well tolerated and produced clinical benefit in 3 of the 5 patients, including one who had a 23% reduction in tumor size by RECIST criteria. The average progression-free survival was 18 weeks, and the average overall survival was 43 weeks. Toxicities were mild and easily reversed with dose reduction and/or drug-free period. The overall incidence of proteinuria was 40% and the incidence of hypertension was 20%. Despite baseline elevations of fibrinogen and D-dimer in 60% of patients, no arterial thromboembolic events were observed. No patient was removed from the study because of drug toxicity.
Although IFN-␣2b has been used in ocular melanoma, it has had very low efficacy. Two separate studies initially showed a 15% to 20% response rate in patients with ocular melanoma using bleomycin, vincristine, lomustine, and dacarbazine (BOLD) plus either human leukocyte IFN or IFN-␣2b. 27, 28 However in EORTC 88941, a multicenter phase 2 trial studying BOLD plus IFN-␣2b in patients with metastatic ocular melanoma, there were no responses to therapy. The trial enrolled a total of 24 patients and achieved disease stabilization in 2 patients. However, no patients had a partial or complete response. 29 Ocular melanomas have a higher incidence of liver metastasis than cutaneous melanoma (90% vs. 24%, respectively) and these metastases are often resistant to chemotherapy. 30 VEGF and bFGF are expressed in ocular melanoma cell lines, 13, 14, 31, 32 although no correlation has been found with metastases. [32] [33] [34] VEGF has also been shown to be increased in the serum of patients with ocular melanoma. 35 In addition, an increase in microvascular density is correlated with a worse prognosis. 36, 37 Bevacizumab has been used successfully to treat neovascular ocular diseases, such as age-related macular degeneration and proliferative diabetic retinopathy, but its activity against ocular melanoma is not known. 38 Yang et al showed in a murine model that the combination of IFN-␣2b with angiostatin, a drug that inhibits migration and VEGF expression, significantly decreased liver metastases in mice that had ocular melanoma. 39 Targeting angiogensis in ocular melanoma patients is an attractive option for the prevention and treatment of metastases.
Several targeted antiangiogenic agents are being investigated in the setting of metastatic ocular melanoma. Two trials have looked at the efficacy of imatinib in patients with metastatic uveal melanoma. One found a clinical response in 8 of 10 patients 40 and the other reported one response in 10 patients. 41 Two trials currently in follow-up are investigating the antitumor effects of lenalidomide, which is known to inhibit the secretion of angiogenic cytokines including bFGF. The first study is evaluating single agent lenalidomide and the other is investigating the combination of lenalidomide, sunitinib, and cycylophosphomide. 38 In addition to these 2 studies, there is currently a trial that is studying the use of VEGF Trap, which binds free VEGF. 38 Going forward, there are several ways in which antiangiogenic agents could be explored in the setting of ocular melanoma. One approach would be to combine these agents with active chemotherapy. However, ocular melanoma does not respond to current cytotoxic regimens. Alternatively, agents like bevacizumab could be combined with biologics as was attempted in the current study. Finally, the effects of anti-VEGF agents could be enhanced by the use of drugs that block other aspects of the angiogenic process such as the effects of FGF.
This trial demonstrated that the combination of bevacizumab and high-dose IFN-␣2b may have activity in patients with stage IV ocular melanoma. This regimen may have been more effective in patients with lower tumor burden, or if bevacizumab was used in conjunction with other drugs. We are currently working to develop a fully powered phase II study of Bevacizumab and IFN-␣2b in patients with metastatic ocular melanoma. We are also exploring the possible use of bevacizumab in combination with carboplatin and paclitaxel, a trial that would mirror a recently completed trial in cutaneous melanoma. 42 
